
Comments 

 

EPA: 

 

Need to reconcile name of impoundments with the impoundment names used in the company response 

to EPA’s CERCLA 104e survey response.  Specifically, in the survey response, the company considers the 

“30-year pond” to be Cell 2 that was commissioned in 2005. The response seems to make no mention of 

Cell 1 that was commissioned in 1997. This should be made clear in the final report.   

 

State: None 

 

Company: See letter dated February 22, 2011 



Minnkota Power
[!vIpC] coo PER A T I V E, INC.

1822 Mill Road · P.O. Box 13200 · Grand Forks. NO58208·3200 · Phone (701) 795·4000
February 22, 2011

Mr. Stephan Hoffman
US Environmental Protection Agency
Two Potomac Yard
2733 South Crystal Dr
51h Floor N 5237
Arlington, VA 22202-2733

Your Touchstone Energy" Partner~

RE: Comments of Minnkota Power Cooperative, Inc. on the Draft Spec ific Site Assessment for
Coal Combustion Waste Impoundments at Minnkota Power Cooperative Milton R. Young
Station, Center, North Dakota (GEl Consultants, Inc., December 2010)

Dear Mr. Hoffman,

Enclosed are comments from Minnkota Power Cooperative, Inc. (Minnkota) on the subject Draft Report
prepared by GEl Consultants, Inc. This report documents the results of the October 20, 2010 dam safety
inspection of coal combustion waste (CCW) impoundments at the Milton R. Young Station near Center,
North Dakota.

We appreciate the opportunity to review the content and technical conclusions of the Draft Report.
Addit ional information where applicable, is included to further assist GEl Consultants, Inc. and USEPA in
preparing the most accurate report. Minnkota takes our responsibilities to the public, NDDH, USEPA, and
our member-owners very seriously . We hope the comments and clarification attached will result in
sufficient information to allow GEl Consultants , Inc. to re-evaluate, and consider our facilities to be in
"satisfactory" condition rather than "fair" condition.

Minnkota is pleased to continue to cooperate with USEPA's efforts to gather information regarding the
management of coal combust ion waste impoundments at our facilities.

If you have any additional questions, please contact me at 701-795-4221, or email at
jgraves@minnkota.com.

Sincerely

_(t'.'1'Y'/'{?~
John T. Graves
Environmental Manager

C: David Sogard
Craig Bleth
Scott Hopfauf
Steve Tillotson, NDDH
Karen Goff, NDSWC



Com men ts of Minnkota Power Cooperat ive, In c. on the Draft S pecific Site Assessme nt for Coal
Com hus tion Waste Impoundmen ts at Minnko ta Power Cooperative Milton R. Young Sta tion,

Center, Nor th Dakota (GEl Consultants, Inc. , December 20 10).

1.0 Intro duction

Section 1.1 Pu rpose (firs t pa ragraph)

"Th e Milton R. Young Station is owned and operated by Minnkota Power Cooperative
(M innkota), "

Mi nnkota Comment #1: Unit I of the Milton R. You ng Station is owned by Minnkota . Unit 2
at the Mi lton R.Young Station is owned by Square Butte Electric Coopera tive. Both units are

operated by Minnkota. The ownership and ope rator information is correctly described in Section

2. 1 of the report.

Section 1.1 Purpose (fi rst paragr aph)

"Th e impoundments are Cell I. Cell 2, and the Alternative Bottom Ash Pond. "

Minnkota Comment #2: Minnkota ' s response to the Request for Information Under Section

104(e) of the Co mprehensive Environmental Response. Compensation and Liability Act, U.s.C.

9604(e), da ted March 17, 2009, described the three current surface impoundment management

units at the Milton R. Young Station, which includ ed Cell 2. the Alternate Bottom Ash Pond. and

the Horseshoe Pit Evaporation Pond. Ce ll I was not included in Minnkota' s response to the ICR

beca use Cell I had not received sluiced CCW since 2005 . Si nce that time, Cell I has been

substantially dewatered, which has allowed the facility to function as a dry waste landfi ll.

Dewatering continues as the waste consolidates and is loaded from above. Dry waste disposal is

necessary to reach the permitted final facility closure grades. Because Cell I is not a functioning

surface impoundment and is substantially dewa tered, Minn kota does not believe it should be

included in the Draft Report as an impoundment. T here are many succeeding sections of the

report making refere nce to Cell I as an impoundment, which should be corrected. Similarly,

Minnkota believes that the Horseshoe Pit Evaporation pond should be included as a surface

impoundment management unit in the GEl report . That topic will be addre ssed in later

comments.

Section 1.7 Pr ior Ins pections (firs t pa ragraph)

"Inspection reports lVere 1I0t provided/or the Alternative Bottom Ash Pond".

Minnkota Comme nt #3: The NDDH Division of Water Quality reports from 2007·20 10 are

attached .
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2.0 Description of Project Facilities

Section 2.2 Impoundment Dams and Reservoirs (second paragraph)

"The Alternate Bottom Ash Pond temporarily holds sluiced bottom ash when Units I and 2 are ill

outage. "

Minnkota Comme nt #4: The alterna tive bottom ash pond is placed in service only during a

scheduled major outage for Unit 2 (for approximately 8 weeks every 3 years) or in the event of a

disruption in the normal botto m ash dewa tering system. Bottom ash from both units is normally

mechanically dewatered and handled as a dry product.

Section 2.2 Impoundment Da ms and Reservoirs (second paragraph)

" During our site visit 011 October 20, 20 10. the plant was ill olltage and the Alte rnate Bottom Ash

Pond was being used. "

Minnk ota Comment #5: On Octo ber 20. 2010, only Unit 2 was in a scheduled major outage.

which was why the Alternate Bottom Ash Pond was in service .

Section 2.2 Impoundmen t Da ms and Reservoirs (third paragraph)

"Each pond is des igned fo r a 10 yea r life span at the end of which the pond is f ull ofash. "

Minnkota Comment #6: In add ition to fly ash. Cells I, 2, and future Cell 3 contain primaril y

flue gas desul furization sludge.

Section 2.2 Impo undment Dams and Reservoirs (sixth paragraph)

"The interior slopes of Cell I and Cell 2 have a 4100t thick clay liner covered with a 5100t thick

random clay layer. geo textile fo r erosion control and a layer of bottom ash. "

Minnkota Co mme nt #7: The liner design includes a minimum 10-foot thick clay sidewall liner

from the base of the facility to an elevation j ust above the Hagel Bed. It is a 4-foot thick liner

thereafte r. T he 5-thick random clay layer (to protect the clay liner from freezi ng and erosion)

extends from the base of the pond, up the sidew all. and cove rs the clay liner at the top of the

sidewall. The geotextile is placed over the random clay. with a layer of bottom ash ove r the

geotextile.

Section 2.2 Im pou nd ment Dams an d Reservoirs (seven th paragraph)
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" 111 approximately 1979 to 19S0. the Butterfly Pond ,,'as commissioned to hold ash sluiced from
the plant. ..

Mi nnkota Comment #8: The Buttertly Ponds (a two-pond te mporary waste storage facility) was

used for temporary storage of FGD sludge. Fly ash is a co mponent of the FGD sludge as it was

used as a reagent. so some tly ash was also stored in the facility while it was in operation.

Bottom ash was never sluiced to the Buttertly Pond. The fac ilities have been evac uated and have

not been used as a pond since 1997. Therefore, there are no surface water impoundment issues

related to this facility, nor is it necessary to include it in this Draft Report . To include it may lead

to co nfusion as to why this facility was not included in Minnkota' s March 17, 2009 ICR response.

Minnkota did not include it because it is not a functioning impoundment. The current NDDH

does not allow use as an impoundment. There are no plans to return this faci lity into

impoundment service.

Section 2,2 Im poundment Dam s and Reservoirs (eigh th pa ragraph)

"The Horseshoe Pit Evaporation Pond is 1I0t assessed ill this report because it does 1I0t receive

sluiced ash or other CC IV. "

Minnkota Comme nt #9: The Horseshoe Pit Evaporation Pond was inspected during the October

20,20 10 site visit by GEl. In the March, 2009 ICR response submitted by Min nkota this pond

was reported as a manage ment unit because it is an impoundment that receives liquid-borne

materials from the storage or disposal of residuals from the co mbustion of coa l. This evaporation

pond is used to store leachate collected from a close d CCW landfill (the Horseshoe Pit landfill).

Again to avo id confusion and maintain consistency with our ICR submittal, Minnkota believe s

this facility should be one of the three facilities assessed in the Draft Report.

Section 2.4 In tak es and Ou tlet Works (sec ond pa ragraph)

" Cell I leachate is discharged throug h t\l'O IS-illch-diam eter PVC pipes at about illvert EI. 2005 '

that discharge 10 Cell 2. ..

Mi nnkota Comme nt # 10: Leachate is removed from the bottom of Ce ll I throug h the leachate

co llection sys tem (at ap proximately EI. 2005') by means of a pump and disc harge pipe, which are

installed within one of the two l8-inch-diameter pipes.

Section 2,4 Intakes and O utlet Wo rks (third paragraph)

"The intake invert of the pipes is currently set at about EL. 2071 .5. ..
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Minnkota Comme nt # 11: By design the tloating intake invert of the siphon pipes is set at live
feet below the impoundment' s water elevation. At the time of the inspection, the water elevation
within Cell 2 was EL. 207 1.5' , thus the siphon pipe (suction) invert would be EI. 2066.5' .

Section 2.4 Intakes and Outl et Works, (third paragraph)

"Currently. the pipes penetrate the dike at about El. 2081, and the water level is maintained by
Minnkota be/ow EI. 2079. "

Minnkota Comment #12: At the time of the inspection the water elevation within Cell 2 was EI.
207 1.5' . Typ ical CCW disposal rates cause the impounded water elevation to raise approximately
live feet per year. The NDDH So lid Waste Management Permit SP-159 requi res a minimum of

two feet of available freeboard at all times, below the currently-constructed clay liner elevat ion of
EI. 208 1'. Minnkota' s facilit y design requires an additional live feet of clay-rich frost protection

cove r material ove r the liner . Therefore, while the current maximum allowable fill e levation is
EI. 2079, the current actual embankment e levation is EI. 2086' . By design, this facility would

never operate without seven feet of physical freeboard.

Section 2.7 Standard Operational Proc edures (firs t paragraph)

"The burning of coal produces several gases and fly ash which are vented from the boiler. and
bottom ash, which is made ofcoarse fragements. f alls to the bottom ofthe boiler, and is removed

along with boiler slag, "

Minnkota Comme nt #13: In Units I and 2, flue gases and fly ash are conducted through the
boiler, through an electrostatic precipitator where the fly ash is collected. Bottom ash (or more

appropriately "boiler slag") is produced as molten slag, then is quenched, crushed, and sluiced

from the bottom of the boiler.

Section 2.7 Standard Operational Procedures (firs t paragraph)

"Coal combustion lI'astes fro m Units I and 2 are wet sluiced into Cell 2. When Units I and 2 are
in outage, bottom ash is wet sluiced into the alternative bottom ash pond.

Minnkota Comment #14: Only FGD waste from Unit 2, with some fly ash (used as a reagent )
from both units, was sluiced to Ce ll 2. Only during a Unit 2 major outage, or in the eve nt of a

disruption in the normal bottom ash dewatering system, would bottom ash be sluiced into the
alternative bottom ash pond .

Sec tion 2.7 S ta ndard O perationa l Proce dures (second paragraph)
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" Cells I and 2 are used fo r primari ly settling and permanent storage ofCClY. "

tVlinnkota Comment #15: Only Cell 2 is currently being used for settling. Cell I was formerly
used for settling, however is currently employed as a dry CCW landfill.

Section 2.7 Standard Opera tional Procedu res (third paragra ph)

" The Alternate Bottom Ash Pond is used 011 /.1' duri ng plant outages f or approximately 2 to 3

months el.'efY J years. "

Minnkota Comment # [6: Only during a Unit2 major outage or in an emergency is bottom ash
sluiced into the alternative bottom ash pond.

3.0 Sum ma ry of Constr uction History and Operation

Section 3.0 Summa ry of Construction History and Operation (third paragraph)

" Cells I and 2 ha ve a 4100t thick clay liner covered with 5 f eet of random clay jill. a geotextile

fo r erosion control and a layer of bottom ash. "

Minnkota Comment #17: See Minnkota Comment #7.

Sec tion 3.0 Summa ry of Construction History and Operation (four th paragrap h)

" The clay liner lVas removed from the top of tile dike during the dam raise and reconstructed 011

the upstream slope to provide a COII/illl/Ol/S 4100t thick clay line r as the dike lVas raised. "

Mi nnkota Comment #18: The terms dike and dam seem to be used interchangeably, leading to
confusion. Minnkota would like to clarify the construction sequence by replacing the sentence
above with the following: "The random clay jill protective layer was removed to expose the clay

Liller. They clay Liller was extended to the lIew height. The clay liner was then re-covered with

the 5100t thick layer of random clay jill. ..

4.0 Hazard Potenti al Classifica tion

Sec tion 4.3 Cell I and 2 . Table 4. [ Millo n R Young Sta tion, Summa ry of Impound ment
Param eters (Table 4.1)

Mi nnkota Com me nt # [9: Table 4.1 implies both Cell I and Cell 2 are in-service as surface
impoundments at the same time. This is not correct. Please refer to Minnko ta ' s Comment #2.

Section 4.3 Cell [ and 2, (third paragraph)
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"11 hydraulics and hydroiogy study and dam break analysis Iras not been performed for Cell I or

Cell 2.

Min nkota Comment #20: The impoundment design either eliminates run-in co mpletely or

controls it to only precipation that falls on the top of the impoundment berms. Therefore no
hydraulics and hydrology study is necessary. Dam break analyses for the Cell I or Cell 2
impoundments were not required by the regulatory agencies in North Dakota.

5.0 Hydrology and Hydraulics

Section 5.1, Floods of Record

" Floods ofrecord have not been evaluated and documented fo r tire CC lV impo undments at tire

Milton R. Young Station. "

Minnkota Comment #21: Minnkota agrees that floods of record have not been documented for

the CCW impoundments. However, Minnkota is very aware of floods of record for our region

and has applied this information to Nelson Lake Dam and its associa ted Emergency Action Plan.
Minnkota has not applied this information "f or tire CClV impoundm ents " because of the

impoundment design. The impoundment design e ither eliminates run-in completely or controls it
to only precipat ion that falls on the top of the impoundment berms. As described in Minnkota
Comment # 12, the minimu m freeboard of these facilities is always at least seven feet, more than

sufficient to contain any appropr iate PMP.

Sec tion 5.2, Inflow Design Floods

Minnkota Comment #22: Previous Minnkota comments address the various observations made
by GEl relative to the application of Inflow Design Floods to these facilities. and the fact that no

dam break analyses have been performed for the alterna te bottom ash pond or Cell I or Cell 2.
GEl acknowledges that co ntributing drainage areas are non-existent (in the case of the alternate

bottom ash pond). or are limited (in the case of Cell I and Cell 2) due to the perimete r dikes and

topography. At the time of permitting these solid waste management units were never proposed
or permitted as "dams" under North Dakota' s existing regulations. therefore dam standards and
classifications were not deve loped.

Section 5.2 Inflow Design Floods (second paragraph)

" Based on obse rvations durin g tire fie ld inspection, we recommend Cells I and Cell 2 be rated a

"Significant " hazard dam."

Minnkota Comment #23: Minnkota would like GEl to provide more clarification in this

section, describing what "observations during tirefield inspection " led to the c lassification as a
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"S ignifica nt" rating . It may be app ropriate. howe ver it is an important statement, and therefore

should be supported. Acco rding to the North Dakota Dam Design Handbook. Ce ll 2 would most

likel y be rated as a low haza rd Class III da m.

Because Ce ll I is in a substantially dewatered condition, and is being used as a dry waste landfi ll.

Min nkota repeats its objection to the classifica tion of Cell I as an impound ment for the purpose

of applying a dam classification . See Minnkota Comment #2.

Su bsection 5.2.1 ABP, (second paragraph)

"The maximum operating 'mter level is approximately £1. 1957.3 ' which provides about 2.7fee t

of freeboard. "

M in nko ta Comment #24: Th e operation of the ABP requires the installation or removal of stop

logs which co ntrols the flow exit ing the pond. Typica l operat ion requires six stop logs to be
installed which limits water elevation to EI. 1953' providing seven feet of freeboard. Thi s

significa ntly exc eeds the 6-inch impact of a 6-hour 30 percent PMP. While GE[ co rrectly states

the maximum operating water level . in practice. the operating le vel is much lower.

Su bsec tion 5.2.2 Cell [ and Cell 2

"At the time of the site visit. there was a limited amount of water observed ill Cell I. AllY water

ill Cell I was maintained with a minimum of2 fee t of freeboard. "

M innko ta Com ment #25: Ce ll I is a dry waste landfill. It has not been used as an

impoundment since 2005 . Thi s statement implies that Ce ll I being used as an impoundment.

Section 5.3 Spillway Rating Curv es

"The three CClV impoundments do 1I0t have emergency spillways ".

M in nkota Com me nt #26: This statement could be potentially alarming to someone believing

these facilities are "dams" in the traditional sense . As co ncluded by GE[ in their e valuation, the

impoundments meet and significantly exceed the requ ired storage due to a major prec ipitation

event. Minn kota requests clarification of this statement, to the effect that "The impoundments do

1I0t have emergency spillways because they are always operated with substantial freeboard and

are 1I0t subject to overtopping as a result ofall extreme precipitation event. "

7.0 Instrumentation

Sectio n 7. 1 Location a nd Ty pe (firs t paragra ph)
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"There are 110 instruments installed lit tire CCIV impoundments. According to tire project

drawings. there are monito ring wells along tire Cell I eas t embankment and tire divider dike

between Cell I and Cell 2; however, tire monitoring wells are fo r environmental purposes and

readings are not analyzed with respect to dam safe ty. "

M innkota Comment lt27: Both statements are incorrect. The active impoundment (Ce ll 2) has

surveyed markings on the concrete dew atering structure. Minnkota utili zes these markings to

measure impoundment water level, relati ve to this surveyed datum .

There are monitoring wells. re ferred to as piezometers. surrounding the facility. Although these

wells are indeed for environmental purposes (groundwater qua lity monitoring), another one of

their purposes is to act as an "early warning" system to monitor for water in the embankme nt. To

state " " 0 instruments (Ire ins talled " is incorrect.

S ubsection 7.2.1 Flow Rates

" Flow rates are not recorded at tire CCIV impoundments. "

M innkota Comme ntlt28: Thi s is inco rrect. All water discharges into Cell 2 are known since all

discharges are from pump s at the plant site. The return water from Cell 2 is controlled by the

scrubber control room operators. and all return water flow rates are ca ptured rea l time by flow

transmitters. The da ta from the flow transmitters is logged by the distributed control system, as

well as by a separate computerized histori an software program.

Flows to the alternate botto m ash pond are also pumped. or known flows. Discharges from the

alternate bottom ash pond are monit ored daily by opera tors. who estimate flow by measuring the

depth of flow in the discharge pipe. These outflow estimates are used by Minnkota to complete

the monthl y discharge monitor ing report s required by the Station NDPDES permit.

S ubsection 7.2.2 Staff ga uges

"There are I/ O staff gauges at tire CCIV impoundments"

Minnkota Comme ntlt29: This statement is incorrect. See Minnkota Comme ntlt27.

Section 7.3 Eva luation

Minnkota Comme ntlt30. Minn kota requests this section to be rewritten. in co nsideration of

Minnkota Comments 27. 28, and 29.

8.0 Field Assessment
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Su bsec tion SAA W ater Su rface Eleva tions a nd Reservoir Discharges

"Minnko ta personnel indica ted that wry water in Cell I U/Q S maintained with II minimum a/ two

f eet off reeboard. "

M innkota Comme nt #3 1: For clarity. Ce ll I was bei ng utilized as a d ry was te landfill at the time

of the faci lity visit. The statement implies the ce ll was in service as an impoundment. It is true

that during the facility' s useful life as an impoundment. a minimum of two feet of free board was

mainta ined . In fact . a minimum of seven feet of freeboard was maintained (See i\ li nnkota

Com ment # 12).

9.0 S tr uctur a l S ta bility

Section 9.6 Summ a ry of Resu lts

"No slope stability 0 110lyses have been pelfarmed for the Alternate Bottom Ash Pond. "

i\ li n nkota Comment #32: The se pond s were des igned by Ebasco Services Incorporated in

approx imately 1984 . Due di ligence by the enginee ring firm wou ld have been to co nduct the

appro priate slope stability analyses during their engineering design of the facility. Min nkota has

a subsurface investigation. specifications. and design drawi ng for the facility. therefore it is likely

that a slope stability analys is was performed. although Mi nnkota does not possess a copy of such

an analysis.

Section 9.6 Summa ry of Results

"Based on the Barr Engineering Co. analyses, the stability analyses that have been performedfor

the embankments at Cells I and 2 exceed the minimum required fa ctors ofsafety; however,

conside ration should be given to analyz ing. the divider dike between Cell 2 and Cell J . It is likely

this sec tion would result ill a lowerfactor ofsaf ety than the downstream slope analyzed because

the slope is steeper, and the factor ofsaf ety could be lower than 1.5.

Minnkota Comment #33: Barr Engineeri ng Co . has re-evaluated the divider d ike be twee n Cell

2 and Ce ll 3. and has prov ided a slo pe stability analysis. which is attached for your use .

Ap propriate factors of safety are present.

10.0 Maintenance and Methods of Operation

Sec tion 10.1 Procedures (fi rst paragraph)

"Minnkota does not have a formal operational and maintenance manual in which standard

operating procedures exist for the CCIV impoundments.
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Minnkota Comme nt #34: Minnkota has a formal Facility Operations Plan for Cell 2. This plan
was part of the facility Permit Application. Detailed facility inspections are made month ly. As a

pract ical matter. scrubber operators. BN[ Coa l. Ltd.. personne l. Minnkota ash handling personnel.
and the environmental department engineer responsible for the site all visit the site frequentl y. for

varying reasons.

Minnkota also has a basin operating procedure for the Alternate Bottom Ash Pond.

Copies of these plans are attached for your information.

11.0 Conclusion

Subsection 11.1.2 Adequacy of S tructu ral S ta bility

"No slope stability analysis exists fo r the Altemative Bottom Ash Pond."

Minnkota Comment #35: See Minnkota Comment #32. As stated on Page 25 of the Draft
Report "The dikes at the Alternate Bottom Ash Pond are Low Hazard structures. . .."

Subsection 11.1.2 Adequacy of Structura l Stability

....however, consideration should be given to analyzing the divider dike between Cell 2 and 3."

Minnkota Comment #36: Barr Engineeri ng Co. has re-evaluated the divider dike between Cell

2 and Cell 3. and has provided a slope stability analysis. which is attached for your use.

Appropriate factors of safety are present.

Subsectio n 11.1.3 Adequacy of HydrologielHydraulic Safety

Minnkota Comme nt #37: The hydrologic ca pacity of the impoundments is limited to direct

precipitation. or only a very limited amount of run-in from the top of the impoundment berm.

Therefo re. a "site tlood study" is not necessary. and would be a costly exercise for already
apparent results. These structures do not lie within water courses where traditional tlood studies

would be merited.

A stage-storage curve for Cell 2 is attached.

Subsection 1\.1.4 Adequacy of Instrumentation and Monitoring of Inst rumentation

..Instrumentation and monitoring prog rams are considered inadequate fo r the currentfacility
operations. :'
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Minnkota Co mme nt #38: Minnkota does not believe our instrumentation and monitorin g
programs are inadequate for the current facility operations. Please refer to Minnkota Co mments

27.28.29. and 30. Due to the facilit y design factors of safety and the quality contro l exe rted

during construction. settlement monum ents have never been considered.

Su bsection 11.1.5 Adeq uacy of Maintenanc e and Snrve illance

".. . however there are currently 110 staff members trained ill dam safe ty inspections. "

Mi nnkota Comment #39: Minnkota strongly disagrees with this conclusion. At the time of the

inspection. the qualifications of Minnkota staff to perform dam inspect ions were not addressed by

GEl.

The following discussion is given to substantiate the qualification of Minnkota personnel as

regards their qualificati ons to conduct dam safety inspections.

Craig Bleth, Plant Enviro nmental Superintendent. is a registered professional civil engineer.

Craig Bleth conducted quarterly Nelson Lake Dam inspec tions from 1990 to 2006. Mr. Bleth
also participated in four formal North Dakota State Water Commission Nelson Lake Dam

inspections and numerous other Barr Engineering Company Nelson Lake dam inspections.

Scott Hopfauf, a geo log ical engineer in the plant environmental department since 2006. currently

has responsibility for the quarterly Nelson Lake Dam inspections. as well as the waste

management facility inspections. Mr. Hopfauf has attended the following trainings related to

da m safety inspections:

• Safety Evaluation of Existing Dams. May 12-16.2008 - Golden. CO
Provider of Train ing - US Department of the Interior Bureau of Reclamation

• Need-to-Know Basics of Owning a Dam. December 2. 2008 - Bismarck. ND
Provider of Training - Association of State Dam Sa fety Officials

• Classroom Dam Operator Traini ng. February 2. 2010- Bisma rck. ND

Provider of Tra ining - US Depart ment o f the Interior Bureau of Reclamation

The conclusion that no current staff members are trained in dam safety inspections is incorrect.

Su bsection 11.1.5 Ade q ua cy of Maintena nce and S urv eilla nce

There are currently 110 scheduled inspections by state regulators or third parry engineering

companies experienced ill dam safety inspections. "

Minnkot a Comme nt #40: The state regulators (NDDH) visit the site at least annually.

Although these inspections are not aimed specifically at performing detai led dam safety

inspecti ons. such inspections would resu lt in any obvious da m safety issues being noted.
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Site visits by design engineers from Barr Engineering commonly take place several times during

construct ion. Barr also makes visits to the site between construct ion eve nts. Whether during

construction or not, these visits typically invol ve facility tours and walk-arounds. Typically these

visits are not documented as " impoundment safety inspections" . however in the future it is

lvI innkota' s intent ion to have Barr perform such inspec tions. and document them.

12,0 Recommendations

Section 12.1 Cor rective Measures and Analyses for the Structures

Minnkota Com me nt #4 1:

I . lvIinnkota agrees that the erosion observed west of Cell I must be repaired. Repair to

such areas is on-go ing, and it is a typical task of Minnkota' s to inspect and repair as

necessary.

2. Barr has re-checked the factors of safety of the di vider dike between Cell s I and 2.

Appropriate factors of safety are present.

3. The hydrologic capacity of the impoundments is limited to direc t precipitation.

Therefore, there is no design "flood." A "site flood study" is not necessary, and

would be a costly exercise for already apparent results. These structures do not lie

within water courses where tradit ional flood studies would be merited .

Sect ion 12.2 Co rrective Measures Require d for Ins trumenta tion and Monitori ng

Proc edures,

Minnkota Comme ntlt42: As ex pressed earlier. instrumentation does exi st and is used to

monitor level and perfo rmance of the Cells.

Section 12.3 Cor rective M easures Req uired for Maintenance and S urveillance Procedures.

Minnkota Comment lt43: Minnkota' s facility design enginee r, Barr Engineering Company. is

on-site durin g all impoundment construction activities, often for four to five months at a time.

Site visits by design engineers from Barr Engineering commonly take place several times du ring

construction. Barr also makes visits to the site betwee n construction e vents. Whether during

construction or not, these visits typically involve facility tours and walk-arounds. Typically these

visits are not documented as "impoundmen t safety inspections", however in the future it is

lvIinnkota ' s intenti on to have Barr perform such inspecti ons , and document them.

Sec tio n 12.5 Bas is of Assessme nt

Minnkota Comme ntlt43: lvIinnkota has responded to each of the "bullets" in this section in

previous responses. Please see the appropriate comments above .
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A site specific assessment of the dam safety of coal combustion waste (CCW) impoundments was 

performed at Minnkota Power Cooperative, Inc. (Minnkota) FGD Disposal Facility at the Milton R. 

Young Station on October 20, 2010 by GEI Consultants as authorized by the U.S. Environmental 

Protection Agency (EPA).  Results of the assessment are provided in the “DRAFT Specific Site 

Assessment for Coal Combustion Waste Impoundments at Minnkota Power Cooperative—Milton R. 

Young Station” (GEI, 2010).  The assessment requested “consideration should be given to analyzing the 

divider dike between Cell 2 and Cell 3 for slope stability”.   

At the request of Minnkota, Barr Engineering Co. (Barr) has conducted a review and analyzed the slope 

stability of the divider dike between Cells 2 and 3.  The review/analysis included; (1) determining an 

appropriate factor of safety for the divider dike, (2) a re-calculation of the stability based on final design 

and the actual conditions and findings since 1994 (when the first analyses were performed), and (3) re-

examining the 1994 analysis to verify it meets the appropriate factors of safety for stability as originally 

designed.  The following is a brief summary of the findings.  Attachment A provides a more detailed 

response to the stability issue raised in the “DRAFT Specific Site Assessment for Coal Combustion 

Waste Impoundments at Minnkota Power Cooperative—Milton R. Young Station”.           

Factor of Safety Review 
Since Cell 3 has not yet been constructed, the 95-foot high divider dike between Cell 2 and Cell 3 is a 

future condition.   When constructed, the dike is a temporary condition and will be essentially “under 

construction” during the filling of Cell 3.  When Cell 3 is filling, Cell 2 will be undergoing dewatering so 
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that eventually these dikes will no longer function as water retaining structures.  Because of the temporary 

“under construction” phase of the dike, a factor of safety of 1.3 is allowable.  The appropriate Factor of 

Safety for “under construction” phase of work is referenced in the Strength of Materials for Embankment 

Dams prepared by the United States Society on Dams (USSD), February 2007 (Included in Attachment 

C).  As shown in the referenced USSD document, a Factor of Safety for Construction and End of 

Construction Conditions of 1.3 is accepted by both the Federal Energy Regulation Committee (FERC) 

and the U.S. Army Corps of Engineers (USACE). 

Re-calculation of Stability with actual conditions and findings since 1994 
Barr has updated the slope stability analysis for the planned future interior dike between cells 2 and 3 

during the “under construction” phase, when Cell 2 is full and Cell 3 is just being constructed.  This 

condition was analyzed using 2.5H:1V slopes, 95 feet high excavation, with the excavation to below the 

Hagel Coal Bed.  The updated soil strengths used in the updated modeling are based on the current design 

and the actual conditions encountered in the field over the last 17 years (soil data is provided in 

Attachment D).  Furthermore, the analysis very conservatively assumes that Cell 3 is excavated to its full 

depth below the hagel bed, but remains unfilled, and that a phreatic surface will have developed.  The 

slope stability under these conditions was modeled and resulted in a factor of safety of 1.82 (Modeling 

results are provided in Attachment B).  Thus, the modeling of actual conditions indicates that the interior 

dike between Cell 2 and Cell 3 meets all standards and regulations for stability and is acceptable for the 

planned future design conditions.     

Re-examination of the 1994 Analysis 
The original design in 1994 contemplated the potential removal of the coal beneath the divider dikes and 

constructing the divider dike with the excavated sandstone and claystone placed in a semi-compacted 

condition.  The stability analysis (Barr, 1994) for this condition had factors of safety of 1.5 or greater for 

the interior and exterior dikes—using conservative uncompacted soil strengths (rather than intact 

sandstone and/or claystone strengths) and a slope of 3H:1V.  The re-created slope stability model with a 

dike slope of 2.5H:1V, 95 feet high and the semi-compacted soil strengths, resulted in a factor of safety of 

1.31.  This factor of safety is acceptable, but of no consequence, since actual conditions are different from 

what was assumed in 1994.  The actual design condition as it currently exists is to leave the coal in-place 

beneath the interior dikes and maintain the intact sandstone and claystone as the dike material.             
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In summary, the stability review of the interim divider dike between Cell 2 and Cell 3 focused on three 

key items; (1) the appropriate Factor of Safety, (2) the resulting Factor of Safety for the as-designed 

condition using intact rock strengths, and (3) the resulting Factor of Safety using the “under construction” 

conditions presented in the 1994 analysis that allowed Minnkota Power the flexibility to recover the coal 

and construct the divider dikes from fill rather than using the intact rock.  The review provided the 

following conclusions: 

1. A Factor of Safety of 1.3 is appropriate for the divider dikes since the cells are considered “under 

construction” because the fully excavated slope to a depth of 95 feet is only temporary. 

2. A detailed analysis depicting actual design and the existing rock strength conditions design with 

Cell 2 at capacity yields a Factor of Safety of greater than 1.8 and meets all regulatory guidelines 

3. A review of the 1994 analysis yields an acceptable Factor of Safety of greater than 1.3 if the 

intact rock was replaced with semi-compacted fill for the dike material and the dike height is 95 

feet high, with a 2.5H:1V back slope, and Cell 2 full of water.  This scenario is no longer relevant 

for Cells 2 and 3 as soil strengths are better than conservatively assumed in 1994.   

The review and analysis of slope stability for the interim divider dike between Cell 2 and Cell 3 confirms 

that the dike meets the Factor of Safety criteria established by FERC and the USACE for stability.
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The original slope stability analysis was completed by Barr Engineering Co. (Barr) in 1994 as part of the 

Permit Application for Minnkota Power Cooperative, Inc. (Minnkota) Milton R. Young Station Flue Gas 

Desulfurization (FGD) Sludge Disposal Facility.  The original slope stability analysis looked at several 

scenarios for the interior and exterior slopes and assumed the entire dike sections would be constructed 

with semi-compacted fill material.  In all applicable cases, the modeling showed the resulting Factor of 

Safety for slope stability would be greater than 1.5 which meets all standards and regulations for stability.  

This memorandum has been prepared to provide detailed documentation of the updated slope stability 

review for the divider dike between Cells 2 and 3 as requested by Minnkota.   

Provided below, a detailed review re-creates the original slope stability analysis performed in 1994.  The 

review determines the original assumptions are far too conservative and do not replicate actual conditions 

found in the field.  However, the original assumptions are utilized to show the Cell 2-3 divider dike meets 

the applicable Factor of Safety for stability utilizing the conservative “minimum” conditions.  

Additionally, the divider dike was modeled using data obtained from field conditions encountered over 

the last 17 years.  The updated model depicting actual conditions shows the resulting Factor of Safety for 

stability exceeds all standards and regulations.  The following paragraphs provide the detailed 

documentation of the review. 

Summary of Barr’s 1994 Slope Stability Analysis—Conservative assumptions were used to 
assess slope stability and factors of safety were found to be acceptable 
Preliminary designs were developed for Cells 1, 2, and 3 in 1994 as part of the Minnkota Power 

Cooperative FGD Permit Application to the North Dakota State Department of Health (Barr, 1994). As 
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part of the preliminary design, computations were provided for storage volumes, seepage through 

proposed liner, and slope stability.  

The software program Slope/W (stability model developed by GeoStudio) was utilized to model the factor 

of safety of proposed dikes based on soil strengths from soil laboratory testing.  Stability models were 

performed for both the interior cell and exterior slopes.  Interior slopes were assumed to be 2.5H:1V and 

have a max height of 30 feet due to ash buttress and phased construction.  The following interior cases 

were modeled: 

1. Rapid Liner Construction (Case 1) 

2. Liner Construction (Case 2) 

3. Facility Operations – Early Stages (Case 3a and 3b) 

4. Facility Operations – Late Stages (Case 4) 

5. Liner Failure-Rapid Drawdown (Case 5) 

6. Deep Rotational Failure (Case 6) 

In each of these cases total and effective soil strengths for the entire embankment were assumed to be 

equal to strengths for those of the liner material.  As a result the stability models are conservative as 

subgrade soils are anticipated to have higher strengths than the clay liner.  Soils strengths assumed for 

interior dike stability modeling are presented below in Table 1. 

Table 1.  Interior Dike Soil Strength Parameters Assume din 1994 Analysis 

Soil Unit Weight (pcf) Friction Angle (deg) Cohesion (tsf) 
Effective 94 23.9 0.16 

Total 115 19.4 0.05 
 

Exterior slopes were modeled at 3H:1V at a height of 95 feet.  Models for the exterior dikes assumed an 

ineffective liner with a phreatic surface developed from a maximum pool on the interior slope to the 

exterior toe.  Average and minimum soil strengths were applied to three soil types for the exterior 

analyses.  Table 2 presents the soil strengths assumed in the 1994 models. 



 
 
To: Craig Bleth, Minnkota Power Cooperative, Inc. 
From: Barr Engineering Company 
Subject: Attachment A – Detailed Documentation of Slope Stability Review 
Date: February 7, 2011 
Page: 3 
Project: 34/33-0014  

Table 2.  Exterior Dike Soil Strength Parameters Assumed in 1994 Analysis 

Layer Unit 
Weight 

(pcf) 

Minimum Strength 
Parameters 

Average Strength 
Parameters 

Friction 
Angle  
(deg) 

Cohesion  
(tsf) 

Friction 
Angle  
(deg) 

Cohesion 
(tsf) 

Liner 130 25 0 25 0 
Soil 1 127 27 0 31.6 0 
Soil 2 127 27 0 31.6 0 

 

Results of the exterior dike modeling show all cases met a factor of safety greater than 1.5 (Barr, 1994).  

Similar to the interior dike modeling the exterior models are believed to be conservative given that the 

native subgrade is anticipated to be stronger and the affects of clay liner are not accounted for in the 

original modeling. 

Given the results from the 1994 modeling the dike designs were deemed adequate for both interior and 

exterior dikes.   Consequently, all cells are deemed safe even assuming very conservative conditions. 

The actual facility was constructed in a manner that increased overall slope stability  
Currently, Cells 1 and 2 are constructed to the full height.  Cell 3 has not been constructed, but some 

excavation (up to 30-feet) has occurred on the downstream side of the Cell 2, Cell 3 dike. No instabilities 

were observed during the construction of the interior divider dike between Cell 1 and 2.   

The exterior slopes were modified to 4.5H:1V due to soil material balance issues.   

Passive design elements prevent saturated dike conditions.  The facility has also been constructed with 

drainage features that improve slope stability, and help to ensure that the conservative conditions modeled 

(saturated dike condition) never occur.  The exterior dikes, below the Hagel Bed elevation are designed 

and constructed with a layer of granular random fill and a graded filter at the toe of the exterior dike, to 

allow water to drain effectively and safely from the Hagel Bed.  Thus, protecting against a saturated dike 

with a passive system—and thus preventing one of the conservative assumptions used in the stability 

modeling.  In addition, the facility design and the construction of Cell 1 and 2 also include an active, 
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mechanical system that could be utilized to drain water from the Hagel Bed.  A drain system has been 

placed at the base of the Hagel Bed coal, adjacent to the clay liner—while appreciable amounts of water 

have never been present in the Hagel Bed, the system is designed as a contingency control measure that 

could be used to remove water from the Hagel Bed should it accumulate.   

Actual soil conditions are better than the “minimum” soil conditions modeled in 1994.  It is important to 

note that the interior divider dikes are constructed in an area of cut, not fill, and the natural soils are 

competent claystones, sandstones, and siltstones (Carlson, 1973 and Barr, 2010).  The natural soils above 

the Hagel Bed transition from predominantly clay in Cell 1 to predominantly sand in Cell 3.  The analysis 

for the “minimum” soil conditions assumed clay placed 95 feet high.  Actual conditions show maximum 

fill is only about 30 feet and soil conditions have improved in Cell 3.  Data documenting the improved 

soil conditions is provided in Attachment D. 

When the 1994 slope stability modeling results are reviewed and evaluated, it is important to consider the 

following conservative assumptions were used in the analysis. 

 The 1994 models assumed a liner system which has essentially failed.  With additional effort, the 

actual hydraulic conductivities (minimum required hydraulic conductivity to liner is 1.0x10-7 

cm/sec) could be incorporated, which would be anticipated to drop the modeled phreatic surface, 

thus creating a more stable model of actual conditions. 

 The 1994 models assume a single soil strength applies to the entire embankment.  In reality 

approximately 30 feet of placed fill overlies native ground.  The embankment material is 

documented to have a minimum compaction of 95% proctor and is document to primarily consist 

of clayey sand (Barr, 2009).  Ranges of angle of friction values for dense sand range between 35 

and 40 degrees for rounded sand (Das, 1998).  The minimum of this range is greater than any 

angle of friction values used in previous modeling. 

 The native material underlying the placed embankment fill is composed of claystone and 

sandstone.  Boring logs [Barr, 2010] describe the native material as hard, well-cemented 

interbedded layers of clay, silt, and sandstone.  These native soils are part of the Tongue River 

formation.  Some sandstone layers within this formation have been described as being very well 
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cemented and cap high buttes and ridges in the area (Carlson, 1973).  Consequently, the strength 

of these materials most likely includes a tensile strength and higher angle of friction than 

previously modeled in 1994.  Consequently the current modeled conditions are conservative. 

The existing divider dike between Cell 2 and Cell 3 are only 30-feet high on the 
downstream slope and are adequately modeled by the 1994 modeling 
The existing dike is currently not constructed to its full height.  Side slopes are 2.5H:1V as both are 

designed to be interior slopes with a compacted clay liner.  Currently, the maximum height from native 

ground is approximately 30 feet near the west edge.  Correspondingly, the maximum thickness of placed 

fill is approximately 30 feet.  Below 30 feet the embankment is native ground.  Per geotechnical 

investigations the material consists of claystone and sandstone most likely part of the Tongue River 

Formation (Carlson, 1973).  The dike is constructed primarily of sand and sits on native claystone and 

sandstone (Barr, 2010).  All fill placed is compacted to 95% standard proctor (Barr, 2009), is 

documented, and was supervised by a field engineer. 

The dike in its current state is adequately assessed by the 1994 slope stability modeling.  The current dike 

is in effect acting as an exterior dike, however, the interior dike stability analysis still applies to the 

current conditions observed at the site given the 2.5H:1V slope and approximate 30 feet high dike.  The 

1994 interior dike stability assumes weaker strength parameters and meets minimum required factor of 

safety conditions.  Therefore existing modeling applies to the current site condition and indicates slope 

stability to be adequate for the existing dike. 

Using the conservative 1994 assumptions, the future divider dike between Cell 2 and 
Cell 3 provides a factor of safety of between 1.31 (minimum soil strength) and 1.56 
(average soil strengths), which is adequate for construction and at the end of 
construction (minimum factor of safety recommended is 1.3) 
While final design of Cell 3 has not been completed, Barr has performed an updated stability analysis per 

Minnkota’s request to review a dike condition with 2.5H:1V slope on both sides of the interior dike, with 

a maximum water pool elevation in Cell 2, and with Cell 3 excavated to below the Hagel Bed.   

This modeling was done using Slope/W in GeoStudio 2007 (latest version of the software utilized in 

1994).  First, the original 1994 models were recreated with the current software to verify results.  Then a 
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model was created explicitly for the 2.5H:1V downstream slope.   Model results are presented in 

Attachment B and in Table 3 below.  

Factor of safety recommendations summarized in United States Society on Dams, “Strength of Materials 

for Embankment Dams” (USSD, 2007) indicates that recommended minimum factor of safety for loading 

conditions at the end of construction are 1.3 per the United States Army Corp of Engineers (USACE), 

Tennessee Valley Authority (TVA), and FERC.  (Selected pages from USSD document are included in 

Attachment C). 

Table 3.  Summary of Stability Modeling 

Condition Modeled F of S 
(Average Strength Values) 

F of S 
(Minimum Strength Values) 

3:1 (95 ft) – original 1994 results 1.83 – 1.97 1.54 – 1.63 
3:1 (95 ft) - 2011 1.79 1.48 

2.5:1 (95 ft) - 2011 1.56 1.31 
Note:  1.3 is the acceptable factor of safety for construction and after construction. 

These models recreated the 1994 factor of safety results in an acceptable manner—see the first two lines 

of Table 3.   

When the 1994 modeled assumptions were modified only to account for the downstream slope, the results 

indicate that both the average and minimum soil strength values for the 2.5:1 slope with 95 foot high dike 

exceed the recommended minimum factor of safety value (1.3).  However, conditions encountered in the 

field over the last 17 years do not match the “minimum” or “average” strength values.    

Using assumptions representing actual soil and design conditions (phreatic surface), the 
future divider dike between Cell 2 and Cell 3 provides a factor of safety of 1.82 
Models were also updated applying some estimated strength parameters which represent actual soil 

conditions and stratigraphy in the field.  Table 4 summarizes the soil strength parameters assumed and 

used in the model update.  Additionally, hydraulic conductivity was added to the model to simulate the 

effect of the clay liner. 
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Table 4.  Summary of Estimated Actual Conditions Strength Properties 

Soil Unit Weight 
(pcf) 

Angle of Friction 
(deg) 

Cohesion 
(tsf) 

Hydraulic Conductivity 
(ft/s) 

Liner1 130 25 0 3.3*10-8 
Embankment Fill2 127 35 0 3.3*10-4 

Claystone3 127 27 3.1 3.3*10-8 
Sandstone4 127 38 56 3.3*10-4 

Hagel Formation5 127 29.8 56 3.3*10-8 
1 Liner properties are same as previous modeled properties (Barr, 1994). 
2 Embankment fill strength properties are based on published ranges for dense, rounded sand grains (Das, 

1998). 
3 Claystone strength properties are taken from published values of siltstone and shales (Goodman, 1989). 
4 Sandstone strength properties are taken from published values of sandstone (Goodman, 1989). 
5 Hagel formation strength properties are taken from published values for coals in Western Canada 

(Gentzis, 2007). 
6 Cohesion values for sandstone and Hagel formation are assumed.  Values selected are significantly less 

than values published. 
 
The model was also updated to provide results that more closely depict actual conditions.  Actual 

conditions include: an embankment composed of placed fill, claystone, Hagel formation, and sandstone.  

Layer thicknesses and contact elevations are based on topography and boring logs (Barr, 2010).  

Additionally, hydraulic conductivity was included in the stability model using Seep/W.  The phreatic 

surface determined from seepage modeling was imported into the stability model (The model 

conservatively assumes the cells will not be dewatered, thus, a phreatic surface will occur in the 

embankment).  Stability models were performed for a 3:1 slope and a 2.5:1 slope, both with a dike height 

of 95 feet.  Table 5 presents the resulting factor of safety values for the actual conditions. 

Table 5.  Summary of Assumed Actual Conditions Stability Modeling 

Model Condition Factor of Safety 
3:1 Slope (95 ft.) 2.15 

2.5:1 Slope (95 ft.) 1.82 
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Conclusion  
The review determines the original 1994 stability analysis provided a basis to allow adjustments to the 

original design to account for changing field conditions.  The review also determined the original stability 

analysis was very conservative and does not depict actual conditions encountered.  The divider dike 

between Cell 2 and 3 was analyzed using the “minimum” conditions from the original stability analysis as 

well as utilizing conditions that more closely depicted actual conditions encountered over the past 17 

years.  In both cases, the Factor of Safety for stability exceeded the required 1.3 which is accepted by the 

USACE and FERC for construction and post construction conditions (USSD 2007).  
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Name: Liner      Unit Weight: 130 pcf     Cohesion: 0 psf     Phi: 25 °     Piezometric Line: 1      
Name: Soil 1      Unit Weight: 127 pcf     Cohesion: 0 psf     Phi: 27 °     Piezometric Line: 1      
Name: Soil 2      Unit Weight: 127 pcf     Cohesion: 0 psf     Phi: 27 °     Piezometric Line: 1      
Name: Water      Piezometric Line: 1      
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Name: Minnkota
Description: Exterior Slope Analysis - 2.5:1 Slope - Estimated Actual Conditions
Method: Spencer
File Name: Cell3 - slope_analysis_2-1-1-95 ft-actual_cond.gsz
Date: 2/4/2011
Slip Surface Option: Grid and Radius
Minimum Properties

FOS: 1.82
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Name: Claystone      Unit Weight: 127 pcf     Cohesion: 6200 psf     Phi: 27 °     
Name: Water      
Name: Hagel Unit      Unit Weight: 127 pcf     Cohesion: 10000 psf     Phi: 29.8 °     
Name: Sandstone      Unit Weight: 127 pcf     Cohesion: 10000 psf     Phi: 38 °     
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Name: Minnkota
Description: Exterior Slope Analysis - 3:1 Slope - Estimated Actual Conditions
Method: Spencer
File Name: Cell3 - slope_analysis_3-1-95 ft-actual_cond.gsz
Date: 2/4/2011
Slip Surface Option: Grid and Radius
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Name: Sandstone      Unit Weight: 127 pcf     Cohesion: 10000 psf     Phi: 38 °     
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Selected Pages from USSD 2007 Document 
  













 

Attachment D 
 

Existing Soil Conditions near the Cell 2-3 Divider Dike 
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0-6': Sandy Lean Clay, plastic, brown (10YR 5/3).

2-4': Interbedded with several thin (0.01') fine sand layers.

5-7': Iron Staining, strong brown (10YR 5/8).

6-7':  Siltstone, with clay, little to some 5-30% fine sand, lignite coal
fragments, friable, hard, poor recovery, gray (10 YR 6/1).

7-10.5': Lignite Coal, carbonaceous, poor recovery, black (10YR 2/1).

10.5-54': Claystone, interbedded with Siltstone and Sandstone, hard,
cemented, sand, silt, and clay content varies throughout section, sand
content varies from little to some 1 to 30%, sand content appears to increase
with silt content, grey (10 YR 5/1).
13-22.5': Siltstone, with clay and little 5-12% fine sand, hard, friable, stratified,
brown (10 YR 5/3) with grey (10YR 6/1).

~22.5' Color change from brown (10YR 5/3)  to grey (10YR 6/1).
22.5-24.5' Stratified

29.2-29.3': Siltstone, with clay and fine sand, light gray (10YR 7/1).

41-42.5': Claystone, carbonaceous, hard, black (10YR 2/1).

42.4-42.5': Lignite Coal, carbonaceous, black (10YR 2/1).
43-49': Siltstone, with clay and little to some 5-30% fine sand, friable, hard,
gray (10 YR 6/1).

49-63': Sandstone, fine grained, with fines, stratified, hard, friable, thin lignite
stringers, gray  (10YR 6/1).
51-54': Siltstone, with clay and little to some 5-30% fine sand, crumbles,
hard, friable, gray (10 YR 6/1).

End of Boring - 63 feet
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LOG OF Boring 09-001

DESCRIPTION

Additional data may have been collected in the field which is not included on this log.

Barr Engineering Co.
4700 W 77th St. Suite 200
Edina, MN 55435
Telephone:  952-832-2600
Fax:  952-862-2601
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Project Name FGD Pond Cell 3 Phase 0
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0-7.5': Lean Clay, some silt and trace fine sand, grayish brown (10YR 5/2)
with brown mottling (10YR 5/3). Lean Clay transitions to Silty Lean Clay with
increasing depth, iron staining, dark yellowish brown (10YR 4/4).
6.5': Clayey Sand, thin layer (0.1' thick).

7-7.5':  Sandstone, not fryable, well cemented, light gray (10YR 6/1).

7.5-21': Claystone, interbedded with Siltstone, hard, clay and silt content
varies throughout section, sand content varies throughout section from little
to some 1 to 30 %, sand content appears to increase with silt content,  grey
(10 YR 5/1).
7.5-10.5': Siltstone, with clay and little to some fine sand, hard, gray (10YR
5/1).
13.5': Thin lignite stringer

21-29' Lignite Coal, carbonaceous, very dark brown (10YR 2/2)

29-69': Claystone, interbedded with Siltstone and Sandstone, hard, well
cemented, sand, silt, and clay content varies throughout section, sand
content varies from 1 to 30%, sand content appears to increase with silt
content, color varies, grey (10 YR 5/1, 10 YR 6/1) and greenish grey (Gley 2,
5/1).
30': Thin lignite stringers (0.02' thick).
31.5-34': Siltstone, with clay and trace fine sand, well cemented, friable,
stratified, gray (10YR 5/1).
34.5-37.5': Siltstone, with clay, little 5-12% fine sand, friable, hard, gray (10
YR 6/1).
34-34.5': Sandstone, with fines, hard, friable, gray (10YR 6/1).
36.5-37': Mudstone, low plasticity, wet.
42-43.5': Sand Stone, well cemented, not friable, very hard, dry, light gray
(10YR 6/1).
44.5-48': Siltstone, with clay and little 5-12% fine sand, hard, friable, gray (10
YR 6/1).
47.5-47.7': Limestone, well cemented, not friable, very pale brown (10YR
8/2).
48-56': Claystone, stratified.

56-57': Siltstone, with trace to little fine sand, friable, gray (10YR 6/1).

64-65': Claystone, carbonaceous, hard, black (10YR 2/1).

65-69':  Claystone, with silt and little to some fine sand, hard, greenish gray
(Gley 2 10BG 5/1).

End of Boring - 69 feet
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DESCRIPTION

Additional data may have been collected in the field which is not included on this log.

Barr Engineering Co.
4700 W 77th St. Suite 200
Edina, MN 55435
Telephone:  952-832-2600
Fax:  952-862-2601
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0-6': Silt with Clay, trace fine grained sand, dark yellowish brown (10YR 5/4).
1' Thin layer of Clayey Sand.
3.5-3.8': Sandy Silt.
4 to 6' Carbonaceous fractures.
Top (0 to 1') Sandy Lean Clay, brown (10YR 5/3).

6-14: Lignite Coal, carbonaceous, black (10YR 2/1).

14-50': Claystone, interbedded with Siltstone and Sandstone, typically
fractures, cohesive, cemented, clay and silt content varies throughout
section, sand  varies from 1 to 40%, sand content appears to increase with
silt content, color transitions from brown (10YR 5/3) to gray (10 YR 5/1).
16-23.5': Claystone, with silt and fine sand, weathered transition zone,
stratified, hard, brown (10YR 5/3).

~23.5' Color change from brown to gray
23.5-25.5': Claystone, with silt, some 12-30% fine sand, hard, stratified, gray
(10YR 5/1).
25-27': Sandstone, well cemented, not friable, hard, fine grained, light grey
(10YR 7/1).
27-28': Sandstone, fine grained, with silt, friable, hard, gray (10YR 6/1).

34-42.5': Siltstone, with clay and some 12-30% fine sand, cemented, hard,
friable, stratified, gray (10YR 5/1).

45.5-47': Claystone, silt, carbonaceous, fractures, hard, black (10YR 2/1).

47-50': Siltstone, clay, some >30% fine sand, non-plastic, homogeneous,
friable, dark gray (10YR 4/1).

50-65' Sandstone, fine grained, with fines, hard, friable, sand content appears
to increase with depth, gray  (10YR 6/1).

60-62.5': Sandstone, well cemented, not friable, dry, fine grained, light grey
(10YR 7/1).

63-63.3': Limestone, cobble, very pale brown (10YR 8/3).

End of Boring - 65 feet
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DESCRIPTION

Additional data may have been collected in the field which is not included on this log.

Barr Engineering Co.
4700 W 77th St. Suite 200
Edina, MN 55435
Telephone:  952-832-2600
Fax:  952-862-2601
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0-9': Sandy Lean Clay, fine grained sand,  medium plasticity, brown (10YR
5/3). Interlayered with thin layers of Clayey Sand, from 0-2.5', 2.9-3.7', 4-5'),
brown (10YR 4/3). Top 0-0.6' includes roots.

9-13' Clayey Silt, with trace fine sand, iron staining, strong brown (7.5YR 5/6),
from 9 to10', brown (10YR 5/3).

13-16': Lean Clay, medium plasticity, color transitions with depth from grayish
brown (10 YR 5/2) with strong brown mottling to gray (10YR 5/1) with dark
brown brown mottling.

16-30': Claystone, interbedded with Siltstone, hard, clay and silt content
varies throughout section, stratified, sand content ranges from 1-30%, sand
content appears to increase with silt content, Color transitions in color from
dark brown (10YR 3/3) to gray (10 YR 5/1).

26.5-26.7': Concretion, well cemented, not friable, white (10 YR 8/1), thin
bands of pyrite.
29-29.1': Scoria, hard, well cemented, not friable, reddish brown (5YR 4/4).

30-37': Lignite Coal, carbonaceous, black (10 YR 2/1)

37-42.5': Claystone, interbedded with Siltstone, hard, clay, silt, and sand
content varies throughout section, stratified, sand content ranges from
1-30%, sand content appears to increase with silt content, Color transitions in
color from brown (10YR 4/3) to gray (10 YR 5/1).

42.5-52': Sandstone, fine grained, with fines, hard, friable, sand and fine
content varies throughout section, gray  (10YR 6/1).

52-80': Claystone, interbedded with Siltstone, hard, clay and silt content
varies throughout section, sand content varies throughout section from 10 to
30%, sand content appears to increase with silt content, color varies, grey (10
YR 5/1, 10 YR 6/1) and greenish grey (Gley 2, 5/1).
52-54': Siltstone with clay and some 12-30% fine sand, hard, friable,
stratified, gray (10 YR 6/1).
53.8': Claystone, with gravel, thin layer, coarse, angular gravel.
56.2-56.4': Limestone, well cemented, not friable, yellowish brown (10YR
5/8).
57.2-57.3': Limestone, well cemented, not friable, yellowish brown (10YR
5/8).
63-67': Siltstone, clay, little 5-12% fine sand, friable, stratified, hard, gray (10
YR 6/1).

72-73': Claystone, carbonaceous, hard, fractures, dark brown (10YR 3/3).

73-75': Claystone with silt and little fine sand, hard, greenish gray (Gley 2
10BG 5/1).

77-79': Siltstone, clay with some 12-30% fine sand, friable, hard, gray (10 YR
6/1).
79-79.5': Sandstone, fine grained, with fines, hard, gray  (10YR 6/1).

End of Boring - 80 feet
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DESCRIPTION

Additional data may have been collected in the field which is not included on this log.

Barr Engineering Co.
4700 W 77th St. Suite 200
Edina, MN 55435
Telephone:  952-832-2600
Fax:  952-862-2601
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0-4': Sandy Lean Clay, medium plasticity, dark grayish brown (10YR 4/2).
Interlayered with thin layers of fine to medium grained sand, 1.2-1.5' and
3.5-3.6', olive yellow (2.5YR 6/6) and Clayey Silt/ Sand, fined grained sand,
3.8-4.0', yellowish brown (10YR 5/8).

4-18': Claystone, fractures, interbedded with Siltstone, cohesive, hard, clay
and silt content varies throughout section, stratified, sand content varies from
1 to 20%, sand content appears to increase with silt content, color transitions
from brown (10YR 4/3) to gray (10 YR 5/1).

~15': Color change from brown to gray
15-18': Claystone, with silt and little 5-12% fine sand, fractures, hard, gray
(10YR 5/1).
16.1': Claystone, thin layer of Gravel, fine, rounded.
16.3': Claystone, thin layer of Gravel, fine, rounded.

18-26': Lignite Coal, carbonaceous, black (10 YR 2/1).

26-33': Claystone, fractures, Interbedded with Siltstone and Sandstone,
cohesive, hard, clay and silt content varies throughout section, sand content
varies from 1 to 40%, sand content appears to increase with silt content, light
gray (10 YR 7/1), and grey (10YR 6/1, 10YR 5/1).
28-40': Siltstone, with clay and some 12-30% fine sand, friable, hard, gray
(10YR 6/1).
30-31.5': Sandstone, fine grained, with fines, hard, friable, sand and fine
content varies, gray  (10YR 6/1).
31.5-33': Siltstone, with clay and some 12-30% fine sand, friable, hard, gray
(10YR 6/1).

33-38.5': Sandstone, fine grained, with fines, hard, friable, sand and fine
content varies throughout section, gray  (10YR 6/1).

38.5-65': Claystone, fractures,  interbedded with Siltstone, hard, clay and silt
content varies throughout section, sand content varies from 1 to 40%, sand
content appears to increase with silt content, color is grey (10YR 6/1, 10YR
5/1).
38.5-41':  Siltstone, with clay and some 12-30% fine sand, fryable, hard, gray
(10YR 6/1).

54-56': Siltstone, with clay and some 12-30% fine sand, friable, hard, gray
(10YR 6/1).

58.5-60.5': Claystone, carbonaceous, hard, dark brown (10YR 3/3).

60.5': Claystone, color transitions from dark gray (10YR 4/1) to gray (10YR
6/1)
63-65': Siltstone, with clay and some 12-30% fine sand, friable, hard, gray
(10YR 6/1).

End of Boring - 65 feet
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DESCRIPTION

Additional data may have been collected in the field which is not included on this log.

Barr Engineering Co.
4700 W 77th St. Suite 200
Edina, MN 55435
Telephone:  952-832-2600
Fax:  952-862-2601
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